The World Health Organization (1) and the National Institutes of Health (2) have provided guidelines using body mass index as the criterion measure for the cutpoints for overweight (25 kg/m 2 ) and obesity (30 kg/m 2 ). These recommendations have been rapidly adopted by many clinicians and researchers around the world. Nevertheless, it is currently controversial whether these cutpoints are suitable to be applied to Asian populations, and some Asian countries have begun to use lower cutpoints (3) (4) (5) (6) (7) .
Although there are differences among Asian populations (8) , Asian groups generally have a considerably higher percent body fat at the same body mass index compared with Caucasians of the same age and gender (8) (9) (10) (11) (12) (13) (14) . Deurenberg et al. (12) have shown that, for the same level of fatness, age, and gender, mean body mass index in African Americans was 1.3 kg/m 2 higher than in Caucasians, whereas mean body mass index in Chinese was 1.9 kg/m 2 lower than in Caucasians.
Numerous studies have examined associations between body mass index and cardiovascular disease risk factors in Chinese Asians. However, we know of only two reports (15, 16) that have made direct comparisons with Caucasians, the group primarily represented in studies used to define overweight and obesity. Those two studies were limited by the use of cross-sectional data and quantified the impact of body mass index using absolute levels or a ratio measure (15, 16) . We have shown (17) that the use of an absolute or ratio measure to compare groups can be misleading when the rates of disease in the reference category are very different. The objectives of this study were to evaluate and compare the association of body mass index with hypertension and diabetes among Asians living in China and Whites and Blacks living in the United States by use of prospective data and risk difference as the criterion measure.
MATERIALS AND METHODS

Study populations
Data for this work are from two studies, both of which recruited community-based samples. The People's Republic of China (PRC) Study examined urban and rural populations in Beijing (northern China) and Guangzhou (southern China) (18) . Baseline data were collected in 1983-1984, and follow-up examinations were conducted in 1987-1988 and 1993-1994 . The Atherosclerosis Risk in Communities (ARIC) Study examined White and Black men and women in four US communities: Forsyth County, North Carolina,; Jackson, Mississippi; the northwestern suburbs of Minneapolis, Minnesota; and Washington County, Maryland (19) . Baseline data were collected in 1987-1989, and three follow-up examinations were conducted at 3-year intervals. In order to make the studies more comparable, we did not use the data from the third ARIC Study examination (1993) (1994) (1995) . This resulted in the same number of examinations and a similar average follow-up time among Chinese Asians (8.2 years), American Whites (8.2 years), and American Blacks (7.9 years).
For the PRC Study cohort, only participants aged 45-64 years at baseline were included in the analysis (n ¼ 6,575), matching the age range in the ARIC Study. Of the 15,792 ARIC Study participants, we excluded the 55 Blacks from Washington County, Maryland, or Minneapolis, Minnesota, and the 48 participants that classified their ethnicity as other than White or Black because they were too small in number to allow ethnic and field center-specific analyses. For both the PRC and the ARIC studies, participants were excluded if they were missing body mass index at baseline (n ¼ 58), both follow-up visits (n ¼ 1,760), or pertinent covariates (n ¼ 108). Following these exclusions, 5,980 Chinese Asians, 10,776 American Whites, and 3,582 American Blacks remained in the sample. When examining incident hypertension and diabetes, we excluded baseline prevalent cases of that outcome. These studies were approved by the institutional review boards at each field center, and this analysis was approved by the University of North Carolina at Chapel Hill Public Health Institutional Review Board on research involving human subjects.
Measurements
The Collaborative Studies Coordinating Center at the University of North Carolina at Chapel Hill developed the protocols and training manuals for all measurements and handled the review, processing, and analyses of all data for both the ARIC and PRC studies. In both cohorts, the participant's height (without shoes) and weight were measured in light clothing (PRC Study cohort) or scrub suit (ARIC Study cohort) by a beam balance scale. Body mass index was categorized into seven categories (3). Age, education, smoking status, and alcohol consumption were assessed by interviewer-administered questionnaires.
Blood pressure was measured three times at each examination with a standard mercury sphygmomanometer on the right arm of the seated participant. The averages of the last two measures were used in our analyses. Participants were classified as having hypertension if they 1) self-reported that they were currently taking antihypertensive medication; 2) had a systolic blood pressure of 140 mmHg or higher; or 3) had a diastolic blood pressure of 90 mmHg or higher.
Study participants were instructed to fast for 12 hours prior to their clinic visit. Fasting blood samples were drawn, and serum glucose was measured by the hexokinase/ glucose-6-phosphate dehydrogenase method in Beijing or Guangzhou (PRC Study cohort) or in Minnesota (ARIC Study cohort). Participants were categorized as having diabetes if they had a glucose level of 126 mg/dl or higher, reported taking diabetes medication, or reported that a physician had told them that they had diabetes.
Statistical analyses
Ethnic groups were analyzed separately by use of logistic regression (PROC LOGISTIC; SAS Institute, Inc., Cary, North Carolina). This approach was selected after log binomial (with log link), binomial (with identity link), and Poisson models were attempted but did not converge for all outcomes. Fully adjusted logistic models included covariates for gender, baseline age, education, smoking status, alcohol consumption, field center, and body mass index as either a categorical or a continuous variable. Because our interest was to show adjusted incidences and risk differences that were comparable across the ethnic groups, we adjusted estimates for a selected common group or adjusted to the overall mean where possible. Thus, estimated probabilities were calculated for a nonsmoker and a nondrinker at age 53.2 years (the mean age) and for the distribution of gender found in our combined samples (54 percent females). We also adjusted for education and field center, but these variables differed in the PRC and ARIC studies' cohorts. In the ARIC Study, participants were from two (Blacks) or three (Whites) field centers, and education was categorized as less than high school graduate, high school graduate, or at least some college. In the PRC Study, Asians were from four field centers, and education was categorized as less than primary education, primary education, or at least secondary education. Weighted cumulative incidence was calculated by use of the proportion of participants in each field center by education group. Risk differences were calculated with the 18.5-<23.0 kg/m 2 body mass index category as the referent. The delta method (20) was used to calculate the standard errors and 95 percent confidence intervals for the weighted cumulative incidences and risk differences. Comparisons of estimates in body mass index categories across the three ethnic group pairs (Chinese Asians versus American Whites, Chinese Asians versus American Blacks, and American Whites versus American Blacks) were done using Wald statistics with 1 df.
To summarize the risk difference results across body mass index categories, we constructed weighted least-squares regression models with the adjusted risk differences as the dependent variables and the ethnicity-specific median body mass index within each category as the independent variables. The weight was the inverse of the estimated variance for the adjusted risk difference. Wald statistics and p values were calculated with 1 df to compare ethnic group pairs. All analyses were performed using SAS, version 9.1, software (SAS Institute, Inc.).
RESULTS
The mean ages in ethnic-gender groups were similar and ranged from 50.9 to 54.7 years (table 1). In contrast, there were striking differences in body mass index among ethnicgender groups. Asian women had a lower mean body mass index ( The prevalences of smoking were similar among women, but among men, Asians were more likely (74.0 percent) to be current smokers than were Black (41.2 percent) or White (29.2 percent) men. In both genders, Whites were more likely to drink alcohol than were Blacks or Asians. The distribution of participants within the three educational categories varied across gender-ethnic groups. Most remarkable was the large gender difference in Asians with low educational attainment (54.7 percent of women vs. 12.6 percent of men).
Interactions between gender and body mass index for hypertension and diabetes were not found to be important in any ethnic group (p > 0.1 for all) and, therefore, genders were combined. Table 2 shows the adjusted baseline prevalence and the cumulative incidence of hypertension and diabetes. The estimates illustrate that the risk of diabetes and hypertension varied in these three ethnic groups even after adjustment for body mass index (23.0 kg/m 2 ) and other covariates. For both hypertension and diabetes, the prevalence estimates shown were markedly higher in the American Blacks than in the American Whites or Chinese Asians. Note that prevalent cases at baseline were excluded from the calculation of cumulative incidence. Figure 1 shows the adjusted cumulative incidence of hypertension by body mass index category and ethnic group. Values were not shown where data were too sparse to obtain stable adjusted estimates. In every body mass index category in which data were available for comparison, the incidence of hypertension was higher in Asians than in Whites. Incidence also tended to be higher in Asians than in Blacks, although the differences were statistically significant only for the body mass index category of 25.0-<27.5 kg/m 2 . The incidence of diabetes tended to be higher in Asians than in Whites (figure 2). The incidence of diabetes was very similar between Asians and Blacks with a body mass index below 25.0 kg/m 2 , but at or above a body mass index of 25.0 kg/m 2 Asians tended to have higher estimates. When modeling continuous body mass index (table 2), we found that the incidence rate for diabetes tended to be higher in Blacks than in Asians at a body mass index of 23.0 kg/m 2 . This discrepancy was likely driven by differences in the modeling (continuous vs. categorical body mass index), and none of the trends mentioned was statistically significant. The confidence intervals were wide for the highest body mass index category (30.0-<32.5 kg/m 2 ) in Asians, likely due to small numbers (16 cases of diabetes out of 64 eligible participants). Although the sample size was small, the distribution of the covariates did permit the estimation of a rate.
Adjusted risk differences for hypertension and diabetes are shown in table 3. The confidence intervals of the risk difference estimates within the body mass index categories were wide, but the estimates were greater than zero in the categories above the reference level and increased in a monotonic fashion. Figure 3 shows the calculated slopes of the risk differences over the full and restricted body mass index ranges. The restricted range included only the body mass index categories in which all ethnic groups had adequate data for adjusted analyses (18.5-<30.0 kg/m 2 for hypertension and 18.5-<32.5 kg/m 2 for diabetes). The latter estimates are shown to make the analyses across ethnic groups more comparable and to reduce the potential impact of the extremely different body mass index distributions among the ethnic groups.
For hypertension, the slope was steepest in the Asians and similar between Whites and Blacks. All tests for trend were statistically significant at p < 0.05. For each body mass index increment, the incidence of hypertension over approximately 8 years of follow-up increased by 2.5, 1.7, and 1.8 percentage points for Asians, Whites, and Blacks, respectively, in the restricted analysis.
For diabetes, the estimate of the slope in Asians tended to be higher in the restricted compared with the full analysis. Asians and Whites had similar slopes in the full analysis, whereas, in the restricted analysis, the slope was higher in the Asians. In the restricted analysis, the estimates increased by 1.7, 1.1, and 1.6 percentage points per body mass index unit for Asians, Whites, and Blacks, respectively. There were no differences between Asians and Blacks in either analysis; however, the slope tended to be higher in the Blacks than in the Whites in both analyses.
DISCUSSION
This analysis presents evidence that the difference in the incidence of hypertension and diabetes associated with body mass index was greater in Chinese Asians than in American Whites. For hypertension, this was true with or without the data restricted to a common body mass index range. However, for diabetes, the difference was seen only when comparing Asians and Whites over the same body mass index range. In contrast, when studied over the same body mass index range, the risk associated with body mass index was similar in Asians and Blacks for both diabetes and hypertension. The published study that is probably the most comparable with the one presented here examined cross-sectional associations between body mass index and hypertension in data from the China Health and Nutrition Survey (1997), the Third National Health and Nutrition Examination Survey (1988) (1989) (1990) (1991) (1992) (1993) (1994) , and the Cebu Longitudinal Health and Nutrition Survey (15) . The authors compared absolute rates and odds ratios among Chinese adults living in China; nonHispanic White, non-Hispanic Black, or Mexican-American adults living in the United States; and Filipino women living in the Philippines. A higher body mass index was associated with a higher prevalence of hypertension in all ethnic groups. Further, results suggested a stronger association between body mass index and hypertension in Chinese men and women compared with non-Hispanic Whites. NonHispanic Blacks and Filipino women had a higher prevalence of hypertension at every level of body mass index examined compared with non-Hispanic Whites and Mexican Americans. These results are in agreement with our results showing higher body mass index-adjusted prevalence Adjusted cumulative incidence (%) FIGURE 1. Adjusted cumulative incidence (and 95% confidence interval) for hypertension by body mass index categories and ethnicity, the Atherosclerosis Risk in Communities Study (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) and the People's Republic of China Study (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . Point estimates for the same body mass index categories are shifted slightly in the horizontal plane so that confidence intervals are clearly visible.
Chinese Asians, American Whites, and American Blacks 1369 estimates in Chinese Asians compared with American Whites, but not compared with American Blacks. An additional study that compared Asians of Chinese descent with Caucasians of European descent used data from four ethnic groups living in Canada (16) . The investigators used principal components factor analysis to examine associations between body mass index and the prevalence of factors related to glucose metabolism, lipid metabolism, and blood pressure. For a given body mass index, elevated levels of glucose-related factors were more likely to be present in South Asians, Chinese, and Aboriginals compared with Caucasians. Elevated levels of blood pressure were observed more often in Chinese than in Caucasians across body mass index levels. Analyses were conducted on the absolute levels of the factors, and therefore increases due to body mass index were not separated from ethnic differences due to other variables. For example, across body mass index levels, the glucose factor was consistently higher in Chinese than in Caucasians, but since the slopes of the associations appeared to be similar, there was no indication that the body mass index-associated risk differed between the groups.
Two additional studies (18, 21) that included Chinese Asians and Whites reported the prevalence of hypertension and the mean body mass index, but they did not show the prevalence of hypertension adjusted for body mass index or examine the associations between body mass index and hypertension. Hu et al. (21) examined the prevalence of hypertension, overweight, and obesity in Whites living in Body mass index (kg/m 2 ) category FIGURE 2. Adjusted cumulative incidence (and 95% confidence interval) for diabetes by body mass index categories and ethnicity, the Atherosclerosis Risk in Communities Study (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) and the People's Republic of China Study (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . Point estimates for the same body mass index categories are shifted slightly in the horizontal plane so that confidence intervals are clearly visible.
Finland and Chinese in China and found that the prevalences of hypertension, overweight, and obesity were all higher in the Finnish sample; however, associations between body mass index and hypertension were not examined. Similarly, a 1992 report (18) from the baseline examination of the PRC Study contrasted mean body mass index levels and the prevalence of hypertension in Chinese Asians and non-Hispanic Whites and non-Hispanic Blacks from the Second National Health and Nutrition Examination Survey (1976) (1977) (1978) (1979) (1980) . Although there were numerous differences in the exclusion criteria and the definitions of variables between that study and the work presented here, those investigators also found that body mass index levels were higher in both American groups than in the Chinese and that the crude prevalence of hypertension was highest in non-Hispanic Blacks, intermediate in non-Hispanic Whites, and lowest in the Chinese men and women. The differences observed in hypertension prevalence among ethnic groups were likely driven by the very different body mass index distributions, as well as by other factors. Although the current study did find higher body mass index-adjusted incidence rates of hypertension and diabetes in Chinese Asians than in American Whites and American Blacks, the baseline prevalence rates were not always higher in Chinese Asians. In fact, the body mass index-adjusted prevalences of hypertension and diabetes were much greater in American Blacks than in Chinese Asians and American Whites. American Blacks may have been more sensitive to body mass index at a younger age than Chinese Asians and American Whites, or they may have had a higher prevalence of hypertension for reasons unrelated to body mass index (22, 23) .
Several studies have shown that body composition (8, 12 ) and risks associated with obesity (16, 24, 25) can differ in Asians depending on the geographic location or nationality of the sample studied. Similarly, Whites (12) and Blacks (26) in diverse environments are different. The environmental and social differences between China and the United States are vast, and some of these differences likely influence the impact of body mass index on hypertension and diabetes. Many important covariates may not have been measured, and covariates that were measured and included in models may not have been comparable. For instance, a college education may not carry the same significance for health outcomes in China as in the United States, and the cigarettes smoked in the two locales are likely to be of different brands and potentially different levels of nicotine and other active ingredients. In this analysis, we cannot differentiate the impact of environmental and social differences from any genetic differences between the groups, and no attempt is made to do so. In addition, the baseline data studied here were collected approximately two decades ago and may not well represent either the Chinese or the American population today.
Another limitation of this study was that the subjects studied were not selected as a nationally representative sample in either China or the United States, although they were representative of their communities. The study designs of the PRC and the ARIC studies were not perfectly matched, and visits took place in different years and at different intervals. This is of some concern, although the total follow-up time was very similar for Chinese Asians (8.2 years), American Whites (8.2 years), and American Blacks (7.9 years). This work has numerous strengths. We were fortunate to identify data collected using the same coordinating center and similar methodologies in diverse populations. Repeated measures over time that included laboratory and clinical assessments collected with comparable high-quality methods provided a rich resource for this work. The longitudinal design used here allowed us to establish that the exposure preceded the disease. In cross-sectional studies of associations between obesity and morbid outcomes, there is potential for reverse causality because illness or even the presence of a risk factor can result in metabolic changes (e.g., glucose tolerance) and behavioral changes (e.g., diet and physical activity), which can in turn influence body weight.
To our knowledge, this is the first study to compare associations of cardiovascular disease risk factors with body mass index between Asians and other ethnic groups by use of risk difference as the criterion measure. Although no one measure of effect is uniformly superior, we feel a comparison of risk differences is the best approach for studies comparing body mass index-associated risk factors in diverse groups in which the rates of disease vary in the body mass index reference group (17) . Another strength of our analysis was the restriction of body mass index levels to FIGURE 3. Percent increase per body mass index unit (and 95% confidence interval) from weighted least-squares regression of risk differences for hypertension and diabetes over full and restricted (18.5-<30.0 kg/m 2 ) body mass index ranges by ethnicity, the Atherosclerosis Risk in Communities Study (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) and the People's Republic of China Study (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) ). a common range in which all three ethnic groups were adequately represented. The results were somewhat different in the full analysis compared with the analysis of the restricted range. The distributions of body mass index are extremely different between Chinese Asians and American Whites and Blacks. The restricted analysis was more comparable across groups and included the range of body mass index most relevant to weight concerns in Asians.
Investigators who support the need for lower cutpoints for obesity among Asian populations often point to data that show increased risk of disease-related outcomes at body mass indexes lower than 25.0 kg/m 2 (16, (27) (28) (29) (30) (31) . Implicit in their arguments is the assumption that, among individuals of European descent (the primary population studied in the derivation of the cutpoints of 25 and 30 kg/m 2 ), there is a threshold at a body mass index of 25.0 kg/m 2 where the slope of the association between body mass index and disease risk converts from flat to positive (7). Our results do not support this argument and, although differences were not statistically significant, for both outcomes examined here, the rates in the 23.0-<25.0 kg/m 2 group were consistently higher than those in the 18.5-<23.0 kg/m 2 group in all ethnic groups, and there was a statistically significant trend over body mass index levels.
The World Health Organization Expert Consultation on appropriate body mass index for Asian populations (3) made a distinction between the cutpoints used to define a disease, such as obesity, and the cutpoint chosen for public health and medical action within a country. We have previously published our rationale for discouraging the use of different cutpoints to define obesity in different ethnic groups (7) . Nevertheless, we support the use of different body mass index cutoffs to indicate action levels in different countries. We support advocacy of public health and medical actions in China to reduce excess weight and prevent excess weight gain. The distribution of body mass index in China is rapidly moving to the right (32, 33) , and it is appropriate to emphasize the consequences of this shift on the health of the Chinese population. It is our hope that studies such as this that demonstrate the increased risk of development of hypertension and diabetes with increasing body mass index among Chinese Asians will stimulate these efforts.
